Abstract. The provision of location tracking for mobile agents is designed to deliver a message to a moving object in a network. Most tracking methods exploit relay stations that hold location information to forward messages to a target mobile agent. In this paper, we propose an efficient location tracking method for mobile agents using the domain-based proxy as a relay station. The proxy in each domain is dynamically determined when a mobile agent enters a new domain. The proposed method exploits the domain-based moving patterns of mobile agents and minimizes registration and message transfer costs in mobile agent systems.
Introduction
Mobile agents are software objects that can migrate across the network representing users in various tasks. The most attractive applications are e-commerce, network management, and real-time control in many distributed system areas. The code mobility provides many advantages. When the data volume in a remote host is very big, mobile agent systems can save the network bandwidth tremendously. Instead of requesting whole data through network connection, a mobile agent migrates to the target host, filters through the data locally, and brings back only the result. For real-time control of remote devices, the traditional client/server design is not a good candidate due to the irregular network delay. However, a mobile agent that has migrated to a remote system can directly control the target system in real time. Mobile agents are also useful for applications in wireless environments, such as laptops or PDAs, that can be disconnected at short notice [1, 2, 3] .
Apart from these advantages, there are many problems to be solved. Most of the research focuses on providing system support for the security of mobile agents, reliable communication with fast moving mobile agents, and efficient location management [4, 5] . The typical application of mobile agent is to bypass the communication link and to exploit local access to resources on a remote server. Thus one may argue that the communication issue is not important. However, we have several situations that require efficient communication with mobile agents. For example, a user may launch a mobile agent with some parameters directing the behavior of the agent and may want to change the parameters later due to changes in the context that determined their creation [4] . Mobile agent systems should have location tracking functions to transfer messages only to target agents. Whenever a mobile agent migrates to a new node, the new location information should be registered somewhere in the system.
In this paper, we propose an efficient location tracking method called DomainBased Proxy. A domain consists of a group of hosts that are close to each other, measured by the number of hops in a network. Mobile agents can reduce the length of their migration paths by visiting the hosts in the same domain first, rather than selecting hosts randomly. The proposed method exploits the domainbased moving patterns of mobile agents and minimizes the registration and message delivery cost. We do not consider the chasing problem that occurs when mobile agents migrate so frequently that relay stations keep forwarding messages to hosts where the target agent no longer stays [4] .
Section 2 explains background information in the field and motivation for this work, and section 3 explains the idea of domain-based proxy and its effectiveness in reducing the registration and message delivery costs. In section 4, we discuss simulation results with various parameters. Finally, we present our conclusions in section 5.
Background and Motivation
In recent years, there have been several protocols on location tracking of mobile agents. The common ground of these protocols is to have relay nodes that hold the current location of an agent and forward messages to it [5] . There are three different forms of relay nodes: a relay node that is fixed, a relay node that is movable, and a chain of relay nodes that are linked with a pointer. The relay nodes provide location transparent service to senders so that senders do not care about the current locations of agents and their movements. We assume that senders know the homes of mobile agents and the home nodes also act as relay nodes.
Home
The home node of a mobile agent carries the current location information of the agent and forwards messages from senders to the destination agent. Whenever a mobile agent migrates to a new host, it registers its current location with the home node. The protocol is simple, but the registration cost is high when the agent is far away from the home. Since there is no other relay node between the home and the destination node, the message delivery cost is low.
Pointer Chain
Each node on the migration path of a mobile agent keeps the pointer to the next node on the path. The home node becomes the first node in the pointer chain. When a mobile agent migrates between the nodes within a domain that is far away from the home, the registration cost is low compared to the Home method. However, the message delivery cost becomes very high, since messages are forwarded through all the nodes on the chain.
Mailbox
Each mobile agent has a mailbox that relays messages to it. The agent registers its current location with its mailbox whenever it moves to a new node. The mailbox decoupled from the agent can reside in different hosts and moves independently [3] . Since it is movable, the home node should have the updated location information for the mailbox. After getting the current mailbox location from the home node, the sender delivers messages to its mailbox that can relay the messages to the target agent. The method of mailbox movement has not been published yet. Without an efficient mailbox movement, the performance will be nearly the same as the Home method.
Domain-Based Proxy
We define the term domain as a group of hosts that are close to each other in network structure. Each host belongs to only one domain. A proxy is determined at the time of entry to a new domain. The first host that a mobile agent visits in a new domain serves as a proxy in the domain. Whenever the mobile agent moves to a host in the same domain, it registers its location with the proxy in the domain. If the mobile agent migrates to a host in another domain, the host becomes a proxy in the new domain and registers with the proxy in the previous domain. Since another mobile agent can enter the same domain by visiting a different host, there may exist several proxies in one domain. A proxy has a data structure that points to the proxy of the next domain to which the mobile agent has already migrated, or points to the host which the mobile agent is currently visiting. We can lower the registration cost if hosts in a domain are close to each other. Messages are forwarded through the proxy chain and the last proxy in the chain forwards them to the host in which the mobile agent stays. Figure 1 shows the proxy chain after the mobile agent migrates to h 10 . It followed the path P 1 , h 2 , h 3 , h 4 , P 2 , h 6 , h 7 , P 3 , h 9 , and h 10 . Proxy P 1 , P 2 , and P 3 represent the first host the mobile agent visited in each domain respectively. The solid line indicates the message-forwarding path. The message-forwarding path is relatively shorter than that in the Pointer Chain method. Assuming that the inter-domain distances are relatively far, the registration costs within a domain are lower than those between domains. Thus we can reduce the registration cost for migrations within a domain. If the domain of the current host is equal to that of the previous host, two hosts are in the same domain. Hence, the current host will register with the proxy of this domain. If the domains are different, the current host becomes the proxy of the new domain. Consequently, the proxy of the new domain will be linked to the proxy of the previous domain. 
Compacting Proxy Chain
Messages are forwarded through the proxy chain and delivered to the host where the target agent is. When the number of messages is high, the long proxy chain may monopolize the overall cost by overshadowing the low registration cost. Given the estimation of the number of messages, we can compact the proxy chain to reduce the message delivery cost.
We define following parameters to describe compacting the proxy chain.
-N : the expected number of messages to receive -D 0 : the distance from the home to the current node -D p : the distance from the home to the current node through the proxy chain -R 0 : the registration cost at the home node -R p : the registration cost at the proxy node
After executing the mobile agent many times, we may predict the expected number of messages to receive. We assume that each node knows the distance from all other nodes including the home node. To evaluate the distance D p from the home to the current proxy through the proxy chain, each agent should carry the D p−1 . which denotes the distance from the home to the previous proxy through the chain. Distance D 0 and D p can determine the registration cost R 0 and R p respectively. With these parameters, we can estimate the registration and message delivery costs for the cases of proxy chain compacted and proxy chain without compacted. Since the migration within a domain does not change the proxy, only the case of migrating to a different domain requires the following decision on whether to compact or not. As an extreme case, an agent may migrate through a path such that D p equals to D 0 . Since R p is definitely smaller than R 0 for this case, keeping the proxy chain can reduce the overall costs. In most cases, the distance through the proxy chain, D p , is larger than the direct distance, D 0 , and the registration cost R p is smaller than R 0 . When no message is expected to arrive, the compaction is not necessary. However, as the expected number of messages increases, we can minimize the overall cost by compacting the proxy chain.
Simulation and Discussion
We assume that the network structure is in the form of a two dimensional grid and the location of each host is expressed by the coordinate (x, y) in the grid. The distance between two hosts can be calculated with the geometrical distance of two coordinates in the grid. The grid is partitioned to form domains. Each domain is also a square grid with smaller size. The costs for location registration and message delivery depend on the distance between two hosts and the data size. We assume the data size for registration is about a quarter of the data size in message delivery [5] .
In the simulation, we calculate the registration and message delivery costs that occur in the host on the migration path. Starting from a randomly selected host in a domain, we continue to move to randomly selected hosts in the same domain until the number of migrations per domain is met. After completing a given number of migrations in a domain, we move to a new domain and visit hosts in the domain. Since the migration pattern can be different in various applications, the domains are selected randomly for simulation. We assume that all the hosts involved are lightly loaded and there is no additional delay in processing messages. We repeat the above simulation by varying the number of migrations per domain and the number of messages. Figure 2 represents the registration costs against the number of migrations per domain. We observe the Proxy and the Pointer Chain method outperform the Home method as the number of migrations per domain becomes larger. The reason is that the inter-domain distances are greater than the distances between hosts in a domain. When the number of migrations per domain equals one, we do not expect any performance advantage either in the Proxy or the Pointer Chain method. Since the next domain to visit is selected randomly, the distance from the visiting domain to the home node will be comparable to the average inter-domain distance. Figure 3 shows the message delivery costs against the number of migrations per domain. Since the Pointer Chain method delivers messages through all the relay stations that are on the migration path, the message delivery cost increases linearly as the number of migrations per domain increases. However, the message delivery cost of the Proxy method remains constant because the proxy chain length does not increase even if the number of migrations per domain increases. The Home method delivers messages directly to the target agent without any relay station and the message delivery cost remains minimal. Figure 4 shows combined costs against the number of messages with the number of migrations per domain fixed at 13. As the number of messages increases, the message delivery costs in the Proxy and the Pointer Chain method begin to dominate the registration cost and monopolize the combined cost respectively. Since the pointer chain length is longer than the proxy chain, the increase rate of the Pointer Chain method is steeper than that of the Proxy method. For the Home method, however, the registration cost still dominates the message delivery cost and the rate of increase is unnoticeable. The Compaction method demonstrates low registration cost by exploiting the domain-based proxy and keeps message delivery cost low by maintaining a short proxy chain. Random selection of domains works favorably for the Compacting method. In real-life situations, domains may be selected in a sorted order to reduce the migration path. If that is the case, we may need an elaborated compacting method to calculate the minimum path.
Conclusion
In this paper, we propose an efficient location tracking method for mobile agents using domain-based proxy. The domain-based proxy method can minimize registration and message delivery costs by exploiting migration patterns. The proxy is determined when a mobile agent migrates to a new domain. The first host that a mobile agent visits in a new domain serves as a proxy in the domain. In the simulation, we calculated the registration and message delivery costs by changing the parameters such as the number of migrations per domain and the number of messages. Assuming that the hosts in a domain are close to each other, we can minimize the registration cost by exploiting the proxy within the domain and minimize the message delivery cost by compacting the proxy chain. Since the domains were selected randomly in the simulation, the proposed simple compaction method is very effective in reducing the proxy chain length. In real-life situations, however, the domains may be selected in a sorted order to reduce the migration path. For a specific pattern of migration, we may need an elaborated compacting method to minimize costs.
